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Abstract
A COMPUTERIZED STUDY OF THE BEHAVIOR OF THE FACIAL
AXIS DURING TREATMENT AND POST-RETENTION

by Gary Cornforth

A computerized cephalometric study of mandibular rotation was

made of one hundred and eight patients that were treated by Drs.
Ricketts and Bench of Pacific Palisades, California.

These treated

cases are on file at Rocky Mountain Data Systems in Sherman Oaks,
California.

The Ricketts computerized cephalometric analysis was

utilized with each case.

Chin behavior during treatment and post-retention has always
been of considerable interest to the clinical orthodontist and it was

therefore decided to divide the patients into foui" groups according to
the behavior of the chin during treatment and post-retention.

Group 1

consisted of those patients that experienced a closing of the mandible
during treatment and a further closing of the mandible in post-reten
tion.

Group 2 consisted of patients that manifested an opening of the

bite during treatment and a closing of the mandible in post-retention.
Group 3 was made up of patients in which the mandible rotated open

during treatment and continued to rotate open in post-retention.
Group 4 consisted of patients that experienced closure of the bite

during treatment but then manifested opening of the mandible in postretention.

Opening or closing of the mandible was described in terms

of the facial axis.

It was noted that although patients generally tend to
experience raandibular rotation during treatment and then return to
pretreatment measurements in post-retention, there is a considerable
range of variation.

Patients were noted to close in treatment as

much as four degrees or open during treatment as much as 8.6°.

Post-

retention changes also exhibited a wide range of behavior with some

patients exhibiting a closing of the mandible 4.3° while other
patients underwent an opening of the mandible 3.6°.
Because of the recent interest and controversy regarding

coit5)uters in diagnosis and prognosis it was decided to compare the
actual mandibular rotation with that forecasted by the computer.
The computer appears to be fairly well sensitized to mandibular

rotation since it predicted significantly less mandibular rotation
in Group 1 (close-close) as compared to the other groups.
The effects of mechanics such as intermaxillary elastics and
headgear paralleled that which is reported in the literature.

Age

and extraction therapy versus non-extraction therapy were not sig
nificant in regard to mandibular rotation during treatment and postretention.

Composite tracings of each of the four groups revealed that
the mandibular arc cephalometric measurement was significantly dif

ferent in Group 1 (close-close) when compared to Group 2 (open-close).

A prediction of mandibular rotation perhaps can be even further
improved by lending more credence to the mandibular arc cephalometric

measurement.

However, it was found that in many cases the mechanics

employed by the orthodontist can supersede the pretreatment mandibular

arc measurement.

Although the mandibular arc measurement was found

to be superior to the facial axis measurement in regard to predicting

chin behavior, it is unlikely that it will replace the facial axis
due to it being more difficult to evaluate in a cursory manner.
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CHAPTER I

INTRODUCTION

Behavior of the chin during the period of time from the

beginning of orthodontic treatment to a substantial time in postretention has held a high degree of interest to the clinical

orthodontist.

Many orthodontists feel that during the active

period of orthodontic treatment there is a downward and backward

swing of the mandible, commonly referred to as mandibular rotation.
However, controlled studies in the orthodontic literature regarding

mandibular rotation in the post-retention period are limited.

The

present study was designed to evaluate changes that occur in the

chin position during treatment and several years after all ortho
dontic appliances have been removed.
It would seem beneficial to briefly review two factors which
would increase understanding and communication on chin behavior
during treatment and post-retention.

These include:

1.

Normal growth and development.

2.

The influence of orthodontic treatment on facial growth
and development.

NORMAL GROWTH AND DEVELOPMENT

Probably the most critical analysis of mandibular growth was
made by Ricketts (1955) by employing a combination of laminagraphy of
the mandibular joint together with lateral head films.

Ricketts

reported that whereas upward and backward growth of the condyle was
usually held to account for forward growth of the chin in the profile,
this phenomenon actually contributed to a downward movement of the chin

and an increase in total anterior vertical facial height.

Upward and

forward condylar growth was noted to be consistent with increase in

the posterior facial height and a forward growth tendency in the chin.
Ricketts (1966) felt that the amount of condylar growth is

linked to sex, genetic factors, and muscular type.

If growth is to

be used to advantage, he says, treatment should be started when there

is considerable potential growth remaining.

The amount and direction

of condylar growth can affect the amount of orthopedic correction
necessary in a very direct manner and it becomes an integral part of
treatment planning for the orthodontist.

Schudy (1955) and Ricketts (1957) have pointed out the impor
tant role of the glenoid fossa.

They related that dorsal migration of

the glenoid fossa is a very real factor in many malocclusion cases and
tends to cancel out the growth of the condyle, thus in a sense it is
arrayed on the side of vertical growth.
There appears to be different ideas concerning the mechanism
of mandibular growth.

Moss (1968) described mandibular growth as a

function of the role of the fiinctional matrix.

He stated that normally

the mandible, as a whole, simultaneously lowers and moves anteriorly in

space with the expansion of the orofacial matrix, and that such move
ment would passively disarticulate the temporomandibular joint if there
was not a secondary, conpensatory growth of the condylar cartilages.

Moss stresses that the growth observed at the condylar cartilage is not

primary or, in any way, responsible for the growth of any other

mandibular skeletal unit except the condylar process itself.
Ricketts (1972) proposed a principle which maintains that the

mandible grows in an arcial fashion.
is as follows:

The essence of this principle

a normal human mandible grows by superior-anterior

(vertical) apposition at the ramus on a curve or arc which is a seg
ment formed from a circle.

The radius of this circle is determined

by using the distance from mental protuberance (Pm) to a point at the

forking of stress lines at the end of the oblique ridge on the medial
side of the ramus (point Eva).

As the arc grows the symphysis or chin

is pushed under the denture as the teeth erupt upward and forward.
Ricketts feels that this growth principle accounts for the development
of the "chin button" rather than apposition at pogonion as was widely
held previously.

BjSrk (1963) studied mandibular growth using implants.

By

placing metallic implants in the mandibles of young children and then

obtaining profile radiographs at that time and five or six years later,
he could superimpose on the implants and effectively evaluate growth
changes in the mandible.

He noted that the anterior aspect of the chin

underwent, for the most part, no visible remodeling.

The most pro

nounced remodeling occurred beneath the angle of the mandible.

Here

resorption was usual, but periosteal apposition was also seen.

The

direction of growth at the condyles in the sagittal plane varied widely,
with an average direction slightly forward in relation to the posterior
tangent to the ramus.

THE INFLUENCE OF ORTHODONTIC TREATMENT

ON FACIAL GROWTH AND DEVELOPMENT

Numerous articles concerning the mechanics of orthodontic

treatment have appeared in the literature since Kloehn reintroduced
headcap therapy in 1947.
extra oral traction.

This is particularly true in the case of

Poulton (1967) found that in comparing groups

of treated and untreated Class II patients that there was less for

ward progress of pogonion in the treated patients.

He said this is

due to the general tendency of any extra oral orthodontic appliance
to extrude teeth, causing a downward and backward rotation of the
mandible.

Usually, the increase in alveolar height is coirpensated for

by the resultant horizontal growth of the mandibular condyle, as noted
by Schudy (1965) but in cases in which growth is slight, this may not
be true.

Poulton felt that patients with high mandibular plane angles

probably should be treated somewhat differently from those with a more
average mandibular form.

He felt that one method of avoiding the

unwanted increase in vertical dimension is to use occipital headgear,
and be certain to select extra oral force appliances according to the

particular needs of each patient.

Rickets (1960), Hanes (1959), Klein

(1957), Bleuher (1959, and Silverstein (1954) all noted that cervical

anchorage tends to open the Y axis or lengthen the face much faster

than usually observed with normal growth.

These investigators also

noted that cervical headgears usually caused no significant change in
the occlusal plane.

If, however, any change of the occlusal plane

occurred it was a moderate tipping down of the occlusal plane in the

posterior region.
Intermaxillary elastics have been used for many years for the
correction of Class II and Class III malocelusions.

Stallard (1933)

stated that intermaxillary elastics caused the following effects unless
great care was exercised:
.. . the ugly slants of orthodontically retracted maxillary
teeth, the excessive abstraction of the anterior teeth, the
exaggerated angle of the occlusal plane (a too great downward
and forward slant in the face) and a slanting of the lower inci
sors into occlusion.

Ricketts (1960) in his study of the influence of orthodontic
treatment on facial growth and development found that the tendency

toward mandibular rotation was greatest in patients with retrognathic
facial patterns that were treated with intermaxillary elastics.

Brodie,

Downs, Goldstein, and Meyer (1938) published the first appraisal of
orthodontic results using the cephalometric x-ray method and noted that
intermaxillary elastics frequently caused a downward and backward rota
tion of the mandible and a tipping of the occlusal plane in all cases.
They also noted there was a tendency for the occlusal plane angle to

return to its original size following treatment but that this tendency
diminished as age advanced.

Marked change in the occlusal plane angula-

tion during treatment with intermaxillary elastics has also been noted
by Tovestein (1955) and Amason (1962).

Root (1971) and Schudy (1965) pointed out the importance of con

trolling the molar height, for it controls the vertical position of the
chin as well as anterior-posterior position.

This principle has a very

definite application to the treatment of Class II malocclusion according
to Root and Schudy.

Both of these clinicians felt that too much vertical

growth of the molar teeth will prevent the forward positioning of the
chin and render Class II correction very difficult.
From the information available there appears to be some dif
ference in opinion regarding post-retention behavior of the mandible.

Riedel (1960) felt that if the mandibular plane angle has been noted
to increase during treatment that it can be expected to decrease to
its former angulation or less during post-retention.

He observed that

if no further growth is forthcoming in the individual that the return

of the mandibular plane angle to its previous inclination will probably
involve an increase in overbite.

Ricketts (1974) in using the facial

axis as an indicator for chin position, felt the average patient will
experience bite opening during treatment but will then return to the
previous facial axis measurement after a period of retention.

Schudy

(1968) felt that muscle pressures will not intrude molars that have been
moved occlusally during orthodontic treatment.

This appears to differ

from the views of Ricketts and Riedel.

Ricketts (1960) summarized the effects of orthodontic treatment

when he indicated that the directional or developmental behavior of the
chin could be influenced by treatment techniques.

To som degree the

orthodontist can control the chin position but the iinderlying basic

pattern still predominates according to Ricketts.
It is realized that the parameters and ramifications of a study

dealing with mandibular rotation could be very lengthy and complex.

Due to this fact, the specific intent of this paper is to gain insight
into only the following areas:
1.

Can it be said that all orthodontic patients experience

opening of the mandible during treatment and closing of
the mandible in post-retention?

2.

Can orthodontic patients with poor potential horizontal

growth (facial axis of less than 86.5°) be treated without
opening of the mandible?
3.

Which cephalometric measurements would be the most useful

in forecasting bite opening or closing during treatment
and post-retention?

4.

What is the average opening of the mandible during treat
ment and closing of the mandible in post-retention of the
group of patients studied?

Was the computer able to pre

dict this change?

5.

Wliat is the average opening during treatment and closing
during post-retention of those patients that:

a) wore

cervical headgear six (6) months or longer, b) wore inter
maxillary elastics six (6) months or longer, c) wore both
cervical headgear and intermaxillary elastics six (6) months
or longer?

6.

What is the average opening during treatment and closing
in post-retention of those patients treated with a) cervi

cal headgear only, b) intermaxillary elastics only, c) com
bination of cervical headgear and intermaxillary elastics?

7.

Did extraction cases open less than non-extraction cases?

8.

Is age a factor?

Is there a significant difference in the

amount of opening during treatment and closing during post-

retention of younger patients versus those that are more

mature?

Does movement of the occlusal plane, convexity reduction,

and Class II correction determine whether a patient will
experience mandibular rotation during treatment and postretention?

,
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CHAPTER II

METHODS AND MATERIALS

One hundred eight cases treated by Drs. Ricketts and Bench
of Pacific Palisades, California, were selected for this study on the

basis of the availability of complete records (see Table I).

These

cases are on file at Rocky Mountain Data Systems located at Sherman
Oaks, California.

Comprehensive computer printouts are available

which have been computerized at three different times;
retention, and one to ten years post-retention.

present representing the three time periods.

beginning,

Models are also

Ricketts' computerized

cephalometric analysis was utilized on each case.

(For a detailed

review of the Ricketts' computerized cephalometric analysis see
Appendix A.)

These cases were evaluated in regard to a niamber of factors:
molar relation, cuspid relation, overbite, convexity change, occlusal

plane change, mandibular arc, age, facial axis, length and type of
elastic wear, treatment length, extent of molar extrusion or intrusion
as well as incisor extrusion or intrusion, extraction or non-extrac
tion, habits, cooperation, and how well the computer forecasted the
change in the facial axis measurement.

The one hundred eight patients were divided into foiar groups
according to the behavior of the facial axis during treatment and
post-retention (see Figure 1).

Table I

SUMMARY OF SUBJECTS IN THIS STUDY

65 females

43 males

Race

Number of Patients in

All Caucasian

5-10 years

(43)

10 - 12 years

(35)

12 - 15 years

(27)

15 - 20 years

(1)

over 20 years

(2)

1-4 years

(21)

4.-8 years

(47)

over 8 years

(40)

Various Age Groups

Number of Patients in
Various Post-Retention
Periods

Extraction

Non-Extraction

Group 1 - Patients in which the bite closed in treatment and
(Close - Close)
then closed even more in post-retention (facial
axis measurement increased in both treatment and

post-retention).
Group 2 (Open - Close)

Patients in which the bite opened in treatment and
then closed in post-retention (facial axis decreased
in treatment but then increased in post-retention).

Group 3 (Open - Open)

Patients in which the bite opened during treatment
and also opened in post-retention (facial axis
decreased during treatment and continued to decrease
in post-retention).

Group 4 (Close - Open)

Patients in which the bite closed in treatment and
then opened in post-retention (facial axis increased
during treatment and then decreased in postretention.

Thirteen measurements in particular were selected for special
consideration because of their relevance to this study.

They were:

facial axis, lower face height, mandibular plane, inandibular arc,
posterior face height, mandible proportion, facial proportion, age,
convexity, molar relation, overbite, convexity change, and occlusal

plane change.

Means and standard deviations for the first eleven

measurements were provided by Rocky Mountain Data Systems computer

printout.

Means and standard deviations of the latter two measure

ments were provided by the computer facility of Loma Linda University
School of Health.

Student's (t) tests were run on the observed dif

ferences of the four groups to determine the significance level (see
Tables II-V).

For descriptive purposes the data from the one hundred eight
cases were averaged to form a composite for each of the four groups.
Frontal and lateral tracings were constructed from the data of the

composites to show cephalometrically the average differences between
the four groups.

•
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CHAPTER III

RESULTS

A composite computer printout for each of the four groups can

be found in Appendix B.

Composite tracings for each of the four

groups can be found in Appendix C.

The following tables and figures

indicate the difference between each of the four groups and an indi
cation is made of the level of significance when applicable.
Table II

-

Difference between Group 1 and Group 2 (CloseClose vs. Open-Close).
It can be seen from this table that the close-

close group has a statistically significant (p <
.05) increase in the raandibular arc measurement

(29.88).

This close-close group also presents

with less beginning convexity (3.40) and convexity
change is more dramatic than in the open-close

group (-2.48).

These three measurements are sta

tistically significant at the .05 level.
Table III -

Difference between Group 2 and Group 3 (OpenClose vs. Open-Open).

There is no statistically significant dif
ference between these two groups.

Table IV

-

Difference between Group 3 and Group 4 (Open-Open
vs. Close-Open).

Table II

DIFFERENCE BETWEEN GROJP 1 AND GROUP 2

(Close-Close vs. Open-Close)

N]^

Mean2

SD2

N2

90.67

28

89.55

4.41

43

1.06

44.48

28

45.67

4.45

43

-1.17

33.18

28

34.86

5.20

43

-1.49

29.88

28

27.35

3.95

43

* 2.58

58.72

28

57.87

3.74

43

23

86.1

4.87

39

23

97.5

3.76

39

28

134.12

35.82

43

- .92

4.38

1.99

43

*-1.79

.30

1.75

43

-1.28

4.16

1.97

43

- .82

- 1.34

1.70

43

*-2.75

Measurement

Mean

Facial Axis

SD^

Lower Face

Height
Mandibular
Plane

Mandibular
Arc

Posterior
Face

Height
Mandible

Proportion
Facial Pro

portion
127.00

24.79

Convexity
Molar

Relation

-

.28

Overbite

Convexity
Change

- 2.48

Occlusal
Plane

Change

•significance of at least .05.

29

Table III

DIFFERENCE BETWEEN GROUP 2 AND GROUP 3

(Open-Close vs. Open-Open)

Measurement

Mean2

Facial Axis

SD2

N2

Mean3

SD3

89.55

43

90.93

4.17

45.67

43

46.13

4.52

34.86

43

33.74

5.23

27.35

43

27.93

4.04

57.87

43

57.89

3.15

39

88.28

8.93

39

99.42

8.42

43

127.32

21.84

3.82

2.72

.17

. 1.85

3.38

2.27

Lower Face

Height
Mandibular
Plane

Mandibular
Arc

Posterior
Face

Height
Mandible

Proportion
Facial Pro

portion
134.12

Convexity

Overbite

- 1.34

43

-1.3

2.29

1.97

2.05

N3 '

T

Table IV

DIFFERENCE BETWEEN GROUP 3 AND GROUP 4

(Open-Open vs. Close-Open)

Measurement

Mean3

SD3

N3

Mean4

SD4

N4

Facial Axis

90.93

4.17

22

90.66

6.21

11

46.13

22

43.89

5.67

11

33.74

22

31.88

6.14

11

27.93

22

29.96

6.36

11

-1.12

57.89

22

61.06

6.74

11

*-1.85

88.28

22

88.8

3.98

8

- .16

99.42

22

99.5

3.85

22

162.82

126.96

11

-1.29

.11

1.83

11

1.38

11

Lower Face

Height

1.23

Mandibular
Plane

Mandibular
Arc

Posterior
Face

Height
Mandible

Proportion
Facial Pro

portion

127.32

21.84

Convexity
Molar

Relation
Overbite

Convexity
Change

- 1.3

Occlusal
Plane

Change

*Significance of at least .05.

22

- 1.76 -

Table V

DIFFERENCE BETWEEN GROUP 4 AND GROUP 1

(Close-Open vs. Close-Close)

Measiirement

Mean4

N4

Meanj^

SD^

N^^

Facial Axis

90.66

31.88

11

33.18

3.59

28

29.96

11

29.88

4.16

28

61.06

11

58.72

4.68

28

8

86.7

3.15

23

8

98.0

4.16

23

127.00

24.79

28

3.40

2.61

28

.28

2.03

28

3.70

2.74

28

- 2.48

1.76

29

1.37

3.32

29

Lower Face

Height

43.89

Mandibular
Plane

Mandibular
Arc

Posterior
Face

Height
Mandible

Proportion
Facial Pro

portion
162.82

126.96

11

Convexity

- .71

Molar
Relation

11

Overbite

- 1.76

1.38

11

-

Occlusal
Plane

Change

- .46

It can be seen that posterior face height of
Group 4 (Close-Open) is greater than posterior
face height in Group 3 (Open-Open).

This is sig

nificant at the .05 level.

Table V

-

Difference between Group 4 and Group 1 (Close-Open
vs. Close-Close).

There is no statistically significant dif
ference between these two groups.
Figure 1

-

Shows cases divided into four groups according to

change during treatment and recovery during postretention.

It can be seen that each group has at least

. .

11 patients, however, the open-close group (Group
,

2) has a total of 46 patients and conprises the
largest of the four groups.

Figure 2

-

Facial Axis according to *clinical deviations.
It can be noted that six patients with poor

potential horizontal growth (facial axis measxire-

ment of less than 86.5°) experienced bite closure
during treatment, and that thirteen patients with
good potential horizontal growth (facial axis

measurement of greater than 93.5°) opened during
treatment.

Of the six patients with poor potential

♦Clinical deviation is a value derived from the study of normal and
treated cases and is employed similarly to statistical standard
deviation.

Values are corrected to meet the clinical needs of the

practicing orthodontist (Ricketts 1972).

horizontal growth that closed during treatment,
two opened in post-retention.

Of the thirteen

patients with good potential horizontal growth
that opened during treatment, four opened still

further in post-retention.

Figure 3 -

Demonstrating the three types of mandibular arcs
found within the four groups.
Appendix A indicates that patients with poor

potential horizontal growth can be classified
according to mandibular arc as well as facial

axis.

It can be seen that eight patients with

poor potential horizontal growth (mandibular arc

of less than -.5 clinical deviations) experienced
bite closure during treatment, and that twenty-

five patients with good horizontal growth poten
tial (mandibular arc greater than .5 clinical
deviation) opened during treatment.

Of the eight

patients with poor potential horizontal growth
that closed during treatment, four opened in postretention; and of the twenty-five patients with
good potential horizontal growth that opened

during treatment, ten opened still further in
post-retention.
Figure 4

-

Showing the percentages of each type of mandibular
arc in each of the four groups.
It can be seen that Group 1 (close-close)

contains the smallest percentage of weak

^

mandibular arcs and that Group 1 also contains
the greatest percentage of strong mandibular arcs.

Figure 5

-

Plot of mandibular arc and change of facial axis
during treatment to determine if a linear relation
ship exists.

Figure 5 suggests that no linear correlation
is present.
Figure 6

-

Plot of mandibular arc and change of facial axis

during post-retention to determine if a linear
correlation exists.
■)

Figure 6 suggests that no linear correlation
is present.
Table VI

-

Summary of Treatment Mechanics, Mandibular Rotation
As Indicated by the Facial Axis During Treatment
and Post-Retention, and Accuracy of the Computer
Forecast.

Table VI interrelates several aspects of treat

ment.

It can be seen that almost all patients in

Group 1 (close-close) wore intermaxillairy elastics

and that this group experienced the most bite clo
sure during treatment and post-retention.

The

computer was correct in assigning the least bite
opening during treatment to this group.
Table VII -

Summary of Mandibular Rotation During Treatment

■

and Post-Retention as Related to Cervical Headgear

and Intermaxillary Elastics.
Four patients were treated with only cervical
headgear to correct their Class II malocclusion,

and it was noted that cervical headgear produced
the most bite opening during treatment and that

in post-retention these four patients did not
return as much as those patients treated with

inter-maxillary elastic only or a combination of
elastics and cervical headgear.

Patients treated

with only intermaxillary elastics opened in treat

ment the least and returned in post-retention the
most.

Table VIII - Summary Showing Patients Grouped According to
Mandibular Arc and the Probability that They Will

Open During Treatment (based upon the results of
this study).

The probability of opening of the bite (83%)
was greatest in patients with a normal mandibular
arc and least (53%) in patients with a strong
mandibular arc.

Table IX

-

Summary of

Types of Mandibular Arcs and the Proba

bility of Bite Closure After the Bite Has Been
Opened Dviring Treatment (based upon the results
of this study).
Table IX indicates that a weak mandibular arc

is capeible of closing in post-retention (66% of

the cases) after having been opened in treatment.
However, if one is to eijpect 50% closure or more
after bite opening in treatment one would select

a patient with a strong mandibular arc.

Table X

- Svimmary of Mandibular Rotation During Treatment
and Post-Retention As Affected By Age.
Student's (t) tests revealed that there was

no significant difference in mandibular rotation

during treatment and post-retention according to

Table XI - Summary of Mandibular Rotation During Treatment
and Post-Retention As Affected By Type of Mandibu
lar Arc.

.

Table XI reveals that patients with a strong

mandibular arc (>.5 clinical deviations) opened

only -.04° during treatment, whereas, patients
possessing a weak mandibular arc (<-.5 clinical

deviations) opened -.61° during treatment.

This

difference was not significant at the .05 level.

The (t) test revealed no statistically significant
results during post-retention of those patients
possessing a weak mandibular arc as compared to
those patients with a strong mandibular arc.

Figure 1.
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Employed for Six

17

-.70'

During Treatment

Cases

+ .78'

- .07

Mandibular Rotation

During Post-Retention

Mandibular Rotation

Number of

Minus Values Indicate Bite Opening and Positive Values Indicate Bite Closing

RELATED TO CERVICAL HEADGEAR AND INTERMAXILLARY ELASTICS

SUMMARY OF MANDIBULAR ROTATION DURING TREATMENT AND POST-RETENTION AS

TABLE VII

i

.A-*

26 of 49 (53%)

Strong

>

24 of 29 (83%)

Normal

ViXi

14 of 22 (64%)

Treatment

Probability of Opening During

Weak

Type of Mandibular Arc

(Based upon the results of this study)

THE PROBABILITIES THAT THEY WILL OPEN DURING TREATMENT

SUMMARY SHOWING PATIENTS GROUPED ACCORDING TO MANDIBULAR ARC AND

TABLE VIII

6 of 26 (23%)
12 of 26 (46%)

9 of 26 (35%)
14 of 26 (54%)

17 of 26 (65%)
15 of 26 (58%)

Strong

5 of 15 (33%)

Normal

Closure

Closure

Soire Closure

6 of 15 (40%)

100% or More

50% or More

10 of 15 (66%)

Probability of

Probability of

Probability of

Weak

Arc

Type of Mandibuleu:

(Based upon the results of this study)

AFTER THE BITE HAS BEEN OPENED DURING TREATMENT

SUMMARY OF TYPES OF MANDlBULAR ARCS AND THE PROBABILITY OF BITE CLOSURE

TABLE IX

Post-retention

and under

changes of patients
12.6 years of age

j

1.41

Post-retention change
of patients over 12.6

Treatment change of
patients over 12.6
years of age

Treatment change
of patients 12.6

+.70

Retention and Age

Retention and Age

years and under

Treatment or Post-

Treatment or Post-

+.57

Mean

S.D.

Minus Values Indicate Bite Opening and Positive Values Indicate Bite Closing

POST-RETENTION AS AFFECTED BY,AGE

SUMMARY OF MANDIBULAR ROTATION DURING TREATMENT AND

TABLE X

Post-retention

change of patients
with strong man-

Treatment change
of patients with

Post-retention

change of patients

lar arc

with weak mandibu

dib\ilar arc

Treatment change
of patients with
strong mandibular

Post-Retention

+.47

Post-Retention

Treatment or

weak mandibular

Type of ArcTreatment or

Type of Arc-

Minus Values Indicate Bite Opening and Positive Values Indicate Bite Closing

AS AFFECTED BY TYPES OF MANDIBULAR ARC

SUMMARY OF MANDIBULAR ROTATION DURING TREATMENT AND POST-RETENTION

TABLE XI

CHAPTER IV

DISCUSSION

Several cephalometric analyses that have been employed exten

sively describe mandibular rotation in different teimis.

Tweed (1946)

uses the FMA angle, Steiner (1953) uses the SnGoGn angle and Downs

(1948) uses the Y axis.

Recently Ricketts (1969) developed a comput

erized cephalometric analysis which is gaining favor with the ortho
dontic profession.

Ricketts' analysis uses what is called the facial

axis in describing chin behavior.

The Ricketts computerized analysis

is one of the most descriptive and detailed analyses which utilizes

both posterior-anterior and lateral cephalograms.

The facial axis

appears well suited to studies involving chin behavior for several
reasons;

1.

Implant studies by Bjork (1963) have shown that resorption
occurs on the lower border of the mandible and thus this

structure would be less than desirable in measuring the

resulting bite opening or bite closing.
2.

The facial axis exhibits no change with noxmtial growth.

The

chin is expected to continue straight down the facial axis

(see Appendix A).
3.

Sella position and behavior at times can be abnormal, thus

affecting the SnGoGn measurement (Jacobson, 1975).

4.

The mandibular plane undergoes a decrease of one degree
every three years (see Appendix A).

jf"At

"
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It was found that when one takes a large group of patients and

divides them according to mandibular rotation during treatment and
post-retention (see Figure 1) that there is a considerable difference

exhibited in chin behavior.

Some patients experienced a closing of

the mandible as much as four degrees while other patients underwent an

opening of the mandible as much as 8.6 degrees during treatment.

Post-

retention changes also exhibited a wide range of behavior with some
patients exhibiting a closing of the mandible 4.3 degrees while other
patients underwent an opening of the mandible 3.6 degrees.

Because of

the vast range of mandibular rotational change noted, it would appear
that Ricketts (1960) was correct when he stated that the orthodontist

to some degree could control the chin position through the use of
various treatment mechanics.

Tables VIII and IX seem to verify this hypothesis.

When one

groups patients according to the type of mandibular arc they possess
and forecasts whether they will open or close during treatment, one
would normally expect to find a high percentage of patients with weak
mandibular arcs (less than -.5 clinical deviations) to experience con

siderable opening of the mandible in treatment, and conversely those
patients with normal or strong mandibular arcs (-.5 to greater than .5
clinical deviations) to open less or not at all.

However, it was found

that 64% of patients with weak mandibular arcs opened during treatment
whereas 83% of patients with normal mandibular arcs opened during
treatment.

Patients with strong mandibular arcs opened 53% of the

time, however, as Ricketts pointed out bite opening in patients with an
acute gonial angle (strong mandibular arc) often times is the treatment

response of choice.

It was found that 66% of the patients with weak

inandibular arcs would close some in post-retention but that closure

of 50% or more of the amount of bite opening during treatment is more
common in patients with strong mandibular arcs.

Ricketts (1966) cited factors in regard to biological inter
ference in the growth of the condyle.

Degenerative joint disease is

an entity which concerns itself very closely with mandibular rotation.
As the condyle undergoes a cessation of all growth and/or degeneration

of its head, the chin begins to drop downward and backward in propor
tion to the disturbance involved.

Degenerative joint disease in one

of the patients studied was substantiated by laminagraphic studies.
It was noted that this patient experienced an opening of the facial

axis 8.6 degrees during treatment (see Figures 6a, 6b).

Fortunately,

the lateral headfilms show no further mandibular rotation in the postretention period.

Extreme vertical growth was noted in one patient (see Figures

7a and 7b).

The extraction of four bicuspids and use of high-pull

headgear could not overcome the genetic components of vertical develop
ment.

This patient experienced an opening of the facial axis 3.5

degrees during treatment and a continuation of this vertical growth
produced an opening of the facial axis in post-retention of 3.6 degrees.
Dr. Ricketts relates that this patient grew to over six feet tall and
that re-treatment was necessary due to lack of horizontal development.
This tends to sxobstantiate the findings of Ricketts (1955) and Schudy

(1965) concerning condylar growth versus vertical development.
The (t) tests that were run comparing the differences between
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the four groups revealed some interesting observations (see Tables
II-V). The rnandibular plane rmgle has been held to be perhaps the
most important measurement in regard to typing the facial pattern and
giving an estimate concerning expected chin behavior during treatment
and post-retention.

It was surprising to find that there was no

statistically significant difference between the mandibular plane
angles of the four groups studied.

It was found that the mandibular arc measurement was signifi
cant at the .05 level in Group 1 (close-close) as compared to Group 2

(open-close).

It perhaps can be learned from this study that the

mandibular arc measurement is an important consideration to evaluate
when attempting to forecast what a patient's chin will do during
treatment and post-retention.

However, it perhaps should be re-empha

sized that the mandibular arc measurement when used as an indicator

for bite opening or bite closing is apparently superseded by the
mechanics that the clinical orthodontist applies to treat the malocclusion.

It is noted in Table VIII that 83% of the patients with a

normal mandibular arc opened during treatment and that only 64% of
those patients with a weak mandibular arc opened during treatment.
This apparent tinexpected treatment finding is explained on the basis
that the patient possessing the weak mandibular arc usually presents

with a longer than average anterior lower face height and a treatment
goal is to prevent mandibular rotation by selection of bite closing
type mechanics.

The orthodontist is not usually as concerned with

mandibular rotation in patients presenting with a normal mandibular
arc measurement.

with this information concerning the mandibular arc, it was
decided to attempt to determine if a correlation existed between the

mandibular arc (in clinical deviations) and the change occurring during
treatment and post-retention (see Figures 5 and 6).

By plotting' the

mandibular arc (in clinical deviations) along the horizontal axis and
the amount of mandibular rotation during treatment and post-retention
along the vertical axis one can observe that a linear correlation is
not present to a significant degree.

It would seem reasonable to

assume that patients possessing a strong mandibular arc (>.5 clinical
deviations) would experience significantly more bite closure during
treatment and post-retention than those patients possessing a weak
mandibular arc (<.5 clinical deviations).

As mentioned earlier the

type of treatment mechanics employed for various facial patterns per
haps explains why a linear correlation did not exist.
The results of treatment when different methods of mechanics

were used was interesting to observe (see Table VII).

Four cases were

treated using only cervical headgear and this resulted in the most bite

opening according to types of appliances used.

The bite opened -.77°

during treatment and then returned almost completely in post-retention.
This seems to correlate with the findings of Ricketts (1960) when he
advocated the use of cervical headgear in the treatment of Class II

deep-bite patients with low mandibular plane angles.
Intermaxillary elastics when used alone tended to open the bite

less than cervical headgear.

Bite opening during treatment was -.15°

and then closed +1.0° during post-retention.

This behavior perhaps

can be explained by realizing what type of patient requires just inter-

maxillary elastics.

Usually this type of case has little convexity

and a strong chin and headgear is contraindicated.

Schudy (1965)

points out that bite opening in this type of patient is very difficult
to correct and maintain.

Most of the patients in this study (56) were treated with a

combination of at least six months headgear and at least six months

of intermaxillary elastics.

This resulted in less opening during

treatment than when only cervical headgear was used but more opening

in treatment than when only intermaxillary elastics were used (see

Table VII). Here again, one would need to consider tiie type of patient
that could benefit most by a combination of headgear and elastics.
The computer has generated considerable discussion and contro

versy during the past few years and it was felt that computer fore
casting of mandibular rotation would be of interest (see Table VI).

For all practical purposes the computer is assigning bite opening
during treatment and bite closing in post-retention (Schulhof, 1974).
The amount of mandibular rotation during treatment and post-retention

is calculated by the coit$>uter in accord with the skeletal pattern of
the patient.

The coitputer predicted little bite opening for Group 1

(close-close) and this is exactly what happened.

Group 2 (open-close)

was projected to open the most of all four groups (-.60°) during treat

ment.

Even though Group 2 opened -1.40° during treatment this was not

the group that experienced the most bite opening.

ancy was in Group 3 (open-open).

The largest discrep

The computer forecasted this group

to open -.58° during treatment and retuni +.34° during post-retention.
This group opened -1.8° during treatment which was the largest amount

among the four groups and continued to open -.97° in post-retention.
An understanding of the type of patient making up Group 3 (open-open)
will help to explain the results.

Group 3 is composed of patients

exhibiting more vertical development than horizontal, that is they

develop more posterior denture height than growth of the condyle.

The

computer forecasted three times the normal bite opening for the patient
with extreme vertical growth shown in Figures 7a and 7b.

It would

appear that the computer can be an indicator of ej^ected chin behavior.

Patients that develop degenerative joint disease also are generally
found in Group 3, and Dr. Ricketts (1974) relates that there may be
more patients with this disease than one might suspect.

Group 4 (close-

open) closed +.96° during treatment and opened -.45° in post-retention.
This group was forecasted by the coirputer to not open as much during
treatment as Group 2 (open-close) and Group 3 (open-open) and this is
what happened.

The reason for bite opening during post-retention could

be a point of speculation.

With careful scrutiny some adverse growth

tendencies or condylar degeneration could be involved.

The over-all average opening during treatment for the one

hundred eight cases was -.51°.

The computer forecasted an average

opening of -.48° for the entire group during treatment.

The one

hundred eight cases then closed +.69° in post-retention and the com
puter forecasted an average closing of +.35° in post-retention.

It

would seem that the computer has been sensitized to a fairly good
degree concerning the prediction of mandibular rotation.

Table X indicates that age did not affect bite opening during
treatment or bite closing in post-retention in this study.

There was

very little difference observed between children 12.6 years of age
and under as compared to children over 12.6 years of age.

This does

not conflict with the findings of Root (1971), Ricketts (1960), and
Riedel (1960) who advocate treatment while the child is still growing.
One might reason that the knowledge and skill of the orthodontist might
have more to do with mandibular rotation than age.
Some orthodontists feel that extraction therapy is an impor
tant factor in regard to mandibular rotation.

Root (1971) states that

moving posterior teeth forward into extraction spaces, without elongat
ing reduces the vertical dimension by bringing them out of the more

constricted area of the palate mandibular angle.

Thirty-six out of

the one hundred-eight patients were extraction cases.

These cases

opened -.42° during treatment as compared to -.60° for non-extraction
treatment.

Students' (t) test revealed this to be non-significant

(T = .51).

It has been noted in the literature that occlusal plane change,
convexity change and Class II correction are important considerations
when one is anticipating the correction of malocclusion.

Table II

relates that a significant change in convexity occurred between Group
I (close-close) as compared to Group 2 (open-close).

This can be

explained on the basis that Group 1 (close-close) is made up of pa
tients containing strong mandibular arcs which indicates a strong
horizontal growth potential and thus renders a greater reduction in

convexity during treatment and post-retention.

Occlusal plane change

and molar relation exhibited no significant results in the findings of
this study.

This does not discount the importance of occlusal plane

change and Class II correction.

It merely points out that these two

factors did not produce significant results in this study.
In summary it can be said that there is considerable variation

in regard to mandibular rotation during treatment and post-retention.

It is possible for patients with good horizontal growth potential to
experience mild to moderate mandibular rotation and patients with poor
horizontal growth potential to experience bite closure during treat
ment and post-retention.

Treatment mechanics appear to be more impor

tant than beginning cephalometric measurements, however. Students'

(t) test revealed that the mandibular arc cephalometric measurement
was statistically significant in the pre-treatment radiographs of

Group 1 (close-close), the group that experienced bite closure during
treatment and post-retention, as compared to Group 2 (open-close) in

which the patients experienced bite opening during treatment and bite
closure in post-retention.
Cervical headgear when used alone resulted in the most bite

opening (-.77°).

This amount of mandibular rotation during treatment

almost completely relapsed during the post-retention period.

Inter

maxillary elastics used alone opened the bite the least of any mechanics
noted (-.15°) and resulted in the most rebound or increase of the facial

axis in post-retention (+1.0°).

The average opening of the mandible

during treatment for the one hundred eight cases studied was fovind to

be -.51°.

The facial axis then increased in post-retention +.69°.

The

computer forecasted an opening of the mandible of -.48° during treat

ment and a closing of the mandible in post-retention of +.35°.
Age was not found to be a factor in regard to the amount of

bite opening during treatment or bite closure in post-retention.
Extraction of teeth was not significant in regard to mandibular rota
tion during treatment and post-retention.

Convexity reduction was

noted to be greater in Group 1 (close-close) as compared to Group 2
(open-close).

It might be interesting to speculate on how results may have
differed had this study been done using the lower face height measure
ment rather than facial axis to divide patients into the four groups.

Even though lower face height is not included as a regular measxirement in the summary analysis of the Ricketts computerized cephalometric analysis it would appear to have sufficient importance to a
study of this nature because it would not be as susceptible to cranial
base deflection as the facial axis.
area for further investigation.

Perhaps this could be a possible

CHAPTER V

SUMMARY AND CONCLUSIONS

An investigation was conducted to consider behavioral changes
occurring in the facial axis during treatment and post-retention of
one hundred eight patients.

The Ricketts computerized cephalometric

analysis serviced by Rocky Mountain Data Systems was used to divide

patients into four groups according to mandibular rotation during
treatment and post-retention and to observe the cephalometric changes
that occurred within each group.

Student's t tests revealed that the patients in Group 1 (closeclose), in which the mandible closed in treatment and closed even

further in post-retention, possessed a larger mandibular arc measure
ment before treatment than those patients of Group 2 (open-close) in

which the mandible opened in treatment and then closed in post-reten
tion.

It was also noted that convexity at the beginning of treatment

was significantly less in Group 1 (close-close) as compared to Group 2
(open-close).

Convexity reduction was significantly greater in Group 1

(close-close) when con5>ared to Group 2 (open-close).

Age and extrac

tion of teeth (four bicuspids) were not significant factors in regard
to mandibular rotation during treatment and post-retention.

Differences

at the .05 level were considered significant.
The data revealed that retrognathic facial patterns when clas
sified according to type of mandibular arc can be treated without bite

opening during treatment and should this type of facial pattern open

during treatment that there is a 33% chance of 100% closure during

the post-retention period.
The results of the treatment resulting from the use of inter

maxillary elastics, cervical headgear, and the combination of inter
maxillary elastics and headgear paralleled that which is reported in
the literature.

The computer would appear to be helpful in determining the

chin behavior during treatment and post-retention.

It was particularly

useful in estimating the amount of closure of the mandible during
treatment and closure of the mandible during post-retention of Group
1 (close-close).

The computer was also able to delineate the

extreme vertical growth and accurately forecasted three times the
normal mandibular rotation for the one patient in this study that
demonstrated extreme vertical growth tendency.

By placing more cre

dence on the mandibular arc measurement perhaps the computer forecast

can be further improved.

It is unlikely that the mandibular arc

measurement will become more popular than the facial axis measurement;

however, it does appear that the mandibular arc measurement before
treatment can give some insight in regard to the facial axis behavior
during treatment and post-retention.
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APPENDIX A

DESCRIPTION OF THE MEASUREMENTS
USED IN THE STUDY

CEPHALOMETRIC MEASUREMENTS
THE SUMMARY ANALYSIS

The first step in using the RMDS Analysis is to

and the facial plane N-Po. This measures

quickly scan the tracing to get an overall feel for

the horizontal relation between the upper

the case.

and lower jaws.

Eight lateral factors are used for this purpose:
1. Facial axis — the angle between the BasionNasion plane and the plane from Foramen
Rotundum to Gnathion — this gives the
direction of growth of the chin.

2. Facial depth — the angle between the
Frankfort plane and the facial plane N-Po.

3. Mandibular plane angle to Frankfort plane.
4. Convexity — the distance between Pt. A

5. Lower incisor to A/Po - this gives the
position of the lower arch in the jaws.
6. Upper molar position ~ the distance
between the pterygoid vertical and the
distal of the upper first molar.

7. Lower incisor inclincation — the angle
between the axis of the lower incisor and

the A/Po plane.

8. Lower lip to esthetic plane.

CHIN IN SPACE:

MEANS

FOR 9 YR. OLD + CHANGE

1.

FACIAL AXIS

90'± 3"

No change with age

2.

FACIAL (ANGLE) DEPTH

86° ± 3"

Change = +1° every 3 years

3.

MANDIBULAR PLANE

26'+ 6°

Change

2nnm ± 2mm

Change = —1mm every 3 years.

—1'every 3 years

CONVEXITY:

4.

CONVEXITY OF POINT A

TEETH:
5.

LOWER INCISOR TO APo

+lmm ± 2mm

No change with age

6.

UPPER MOLAR TO PTV

Age + 3mm + 2mm

Changes 1mm per year

7.

LOWER INCISOR TO APo

22'± 4'

No change with age

—2mm ± 2mm

Less protrusive with growth

PROFILE:

8.

LOWER LIP TO E PLANE

CEPHALOMETRIC MEASUREMENTS

•

5(

THE COMPREHENSIVE COMPUTER DESCRIPTION (C.C.D.)
FIELD I - THE DENTURE PROBLEM
1.*

MOLAR RELATION: The distance between
the distal siirfaces of the lower and

r, ^

upper molars measured along the

f \J ]

occlusal plane.
CLINICAL NORM: Class I
Occlusal plane

—3.0mm

Classll

greater than 0mm

Class 111

less than —6.0mm

CLINICAL DEVIATION:

±3.0mm

INTERPRETATION: Extent of horizontal

malocclusion. Class I, Class II or
Class III molar? Positive numbers

imply upper is mesial to lower, nega
tive imply upper is distal to lower.

CANINE RELATION: The distance between

the tips of the lower and upper canines
measured along the occlusial plane.
CLINICAL NORM: Class I
Classll
Occlusal plane

Class III

-2.0mm
-i-I.Omm and
greater
less than —5.0mm

CLINICAL DEVIATION: ±3.0mm
INTERPRETATION: Extent of horizontal
malocclusion measured at the canines.

INCISOR OVERJET: The distance between

the incisal tips of the upper and lower
incisors measured along the occlusal
plane.
CLINICAL NORM: 2.5mm

Occlusal plane

CLINICAL DEVIATION: ±2.5mm
INTERPRETATION: Extent of the horizontal
malocclusion measured at the incisors.

'Numbering corresponds to computer printout.

C.C.D.(cont'd)

INCISOR OVERBITE: The distance between

the tips of the lower and upper incisors
measured perpendicular to the occlusal
plane,
CLINICAL NORM: 2.5mm
Occlusai plane

CLINICAL DEVIATION: ±2.0mm
INTERPRETATION: Indicates the malocclusion in the vertical dimension.

LOWER INCISOR: The distance between the

EXTRUSION

tip of the lower incisor
and the occlusal plane.

CLINICAL NORM: 1.25mm

CLINICAL DEVIATION: ±2.0mm
Occlusal plane

INTERPRETATION: Is the abnormal over-

bite due to over or under eruption of
the lower incisor?

11. INTERINCISAL ANGLE: The angle formed
by the long axes of the central incisors.
CLINICAL NORM: 130"
CLINICAL DEVIATION: 6.0'

INTERPRETATION: Low angle indicates
protrusion. High angle leads to deep
bite.

C.C.D.(cont'd)

•
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FIELD II - MAXILLO-MAMDiBULAR RELATION

.

THE SKELETAL (ORTHOPEDIC)PROBLEM
13. CONVEXITY: The distance between Point

"A"(Ap) and the facial plane.
CLINICAL NORM: 2.0mm at age 872.*
Decreases 0.2mm per year
CLINICAL DEVIATION: 2.0mm

■

—...

N.

\.

»-«AP

\

INTERPRETATION: High convexity implies

a Class II skeletal pattern. Negative

convexity a Class III skeletal pattern.
Key esthetically.
^Computer assigns norm according to growth potential.
Patients with good horizontal growth potential can have
more convexity at an early age and be "Normal."

LOWER FACE HEIGHT: The angle from
anterior nasal spine to the center of
the ramus (XI) to Pogonion.

CLINICAL NORM: 47°. Stays constant with
age.

CLINICAL DEVIATION: ±4.0°

INTERPRETATION: De.scribes the divergence
of the oral cavity with growth. High
values are "open bite" skeletaliy —
lovt/ values "deep bite."

FIELD III - DENTURE TO SKELETON

UPPER MOLAR POSITION: The distance

from the pterygoid vertical (the back
of the maxilla) to the distal of the

upper first molar.

CLINICAL NORM: Age of the patient in
years + 3.Omm (A 12year-old has a norm of
12+3= 15mm).
CLINICAL DEVIATION: ±3.0mm

INTERPRETATION: Determines if the

malocclusion is due to the position of
the upper or lower molar. May help
in extraction decision.

C.C.D.(cont'd)

20. MANDIBULAR INCISOR PROTRUSION:
The distance from the tip of the lower
Incisor to the line defining the jaws,
the "A-Po" plane.
CLINICAL NORM: +1.0mm

CLINICAL DEVIATION: ±2.3mm

INTERPRETATION: Defines the protrusion
of the lower arch, the position of the
denture reciprocally between the jaws.
A key esthetic as well as functional
objective.

22. MAXILLARY INCISOR PROTRUSION:

The distance from the tip of the upper
incisor to the "A-Po" Plane.

CLINICAL NORM: 3.5mm
CLINICAL DEVIATION: 2.3mm

/

//
j

/

/
f

INTERPRETATION: Defines the protrusion
of the upper incisor related to the

jaws. One of the most visible indica
tions for treatment.

24. MANDIBULAR INCISOR INCLINATION:

The angle between the long axis of
the lower incisor and the "A-Po"
Plane.

CLINICAL NORM: 22.0°

i

CLINICAL DEVIATION: 4.0°
26. MAXILLARY INCISOR INCLINATION:

The angle between the long axis of
the upper incisor and the "A-Po"
Plane.

CLINICAL NORM: 28°
CLINICAL DEVIATION: 4.0°

INTERPRETATION: Indicates amount of

procumbency due to the lower and
upper incisors.

C.C.D.(cont'd)

27. OCCLUSAL PLANE TO RAMUS : The

distance between the occlusal plane
and the center of the ramus (XI).
Positive numbers indicate the occlusal

plane \s above XI point, negative below
XI point.
CLINICAL NORM: 0.0mm at age 9.5.
Occlusal plane drops
0.5mm per year with
respect to XI.
CLINICAL DEVIATION: 3.0mm
Occlusal plane

28. OCCLUSAL PLANE INCLINATION: The

angle between the corpus axis and the
occlusal plane (counter clockwise).
CLINICAL NORM: 22° at age 8.0 increases
72° per year.
CLINICAL DEVIATION: 4.0°
. 'v

^ ^
sH

^
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INTERPRETATION: Locates the occlusal

plane with respect to the mandible!

FIELD IV ESTHETIC PROBLEM (LIP RELATION)

29. LIP PROTRUSION: The distance between

the lower lip and the esthetic (nose■ chin) plane.
CLINICAL NORM: -2.0mm at age 872

decreases (less protrusive)
0.2° per year.
CLINICAL DEVIATION: 2.0mm
INTERPRETATION: Indicates soft tissue

balance between lips and profile (nosechin). Protrusive upper incisor will
cause protrusive lower lip (positive
values beyond the esthetic plane).

C.C.D.(cont'd)

30. UPPER LIP LENGTH: The distance between

anterior nasal spine and the embrasure
of the lips.
CLINICAL NORM: 24mm for the "average"
size patient age 8.5.
CLINICAL DEVIATION: 2.0mm

INTERPRETATION: Optimum setting of
teeth to lips requires appraisal of
upper lip length — short upper lip can
be a major constraint.
31. LIP EMBRASURE-OCCLUSAL PLANE:
The distance between the embrasure

of the lips and the occlusal plane.
Negative values indicate the occlusal
plane is beiovy the lip embrasure.

CLINICAL NORM: -3.5mm at age 8.5 (below
lip embrasure). Raises
0.1mm per year.
INTERPRETATION: Low occlusal plane
indicates short lip — likelihood of a'
"gummy" smile. High occlusal plane
indicates teeth may appear "hidden".
Occlusal plane should be changed to
ideal if possible for best esthetics.

FIELD V-CRANIO-FACIAL RELATION

32. FACIAL DEPTH: The angle between the
facial plane and Frankfort plane.
Downs facial angle.
CLINICAL NORM: 87'at age 9.
Increases 0.33° per year.
CLINICAL DEVIATION: ±3°

INTERPRETATION: Locates the chin

horizontally. Determines if the skeletal
Facial axis angle

Class II or Class III is due to the
mandible.

34. FACIAL AXIS: The angle between the facial
axis and Basion-Nasion.

CLINICAL NORM: 90'

CLINICAL DEVIATION: 3.5'

INTERPRETATION: The direction of growth
of the chin and the molars. Expresses
the ratio of facial height to depth.

C.C.D.(cont'd)

35. FACIAL TAPER: The mandibular plane
measured to the facial plane.
CLINICAL NORM: 68°
CLINICAL DEVIATION: 3.5°

39. MANDIBULAR PLANE ANGLE: Measured
to Frankfort horizontal.

Mandlbular plane angle

Facial taper

CLINICAL NORM: 26° at age 9.
Decreases 0.3° per year.
CLINICAL DEVIATION: 4.5°

INTERPRETATION: "High" mandibular
plane implies that skeletal open bite is
due to the mandible. "Low": mandi

bular plane implies skeletal deep bite
is due to the mandible.

36. MAXILLARY DEPTH: The angle formed by
the Frankfort plane and the plane
from Nasion to Point A.
CLINICAL NORM: 90°

Frankfort plane

CLINICAL DEVIATION: 3°
INTERPRETATION: Indicates horizontal

location of the maxilla. Class II

skeletal pattern due to the maxilla
will have values in excess of 90°. Is

affected by thumb sucking.

37. MAXILLARY HEIGHT: The angle formed
by the points Nasion, CF (the inter
section of Frankfort and PTV) and
"A Point."
Frankfort plane

CLINICAL NORM: 53°. Increases 0.4°.

CLINICAL DEVIATION: 3.0°
INTERPRETATION: Indicates the vertical

position of the maxilla. Skeletal open
bite due to the maxilla will have low

values in degrees, short upper face.

C.C.D.(cont'd)

38. PALATAL PLANE; The angle between
Frankfort plane and the palatal plane.
CLINICAL NORM: 1.0°
Frankfort plane

CLINICAL DEVIATION: 3.5°

INTERPRETATION: Positive angle implies
palate tipped up in front, skeletal open
bite due to the palate.

Line parallel to Frankfort

FIELD VI - INTERNAL STRUCTURE

40. CRANIAL DEFLECTION: The angle between
the Basion-Nasion and Frankfort

planes.
CLINICAL NORM: 27°
Frankfort plane

CLINICAL DEVIATION: 3°
INTERPRETATION: Shows basal and

skeletal dysplasia. High angle is
warning of abnormal growth pattern.
Associated with excessive mandibular

growth.

42. CRANIAL LENGTH-ANTERIOR: The

distance between CC point and Nasion.
CLINICAL NORM: 55mm for a patient of
average size at 8.5.
Should be corrected for

CLINICAL DEVIATION: 2.5mm

INTERPRETATION: Tells if a Class II skeletal

pattern is due to a long anterior cranial
base or a Class III pattern due to a
short one.

■
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C.C.D.(cont'd)

44. POSTERIOR FACIAL HEIGHT: The distance

between gonion and CP point.

i

CLINICAL NORM: 55mm for a patient of
average size at age 8.5.
Should be corrected for

CLINICAL DEVIATION: 3.3mm

INTERPRETATION: Height of the ramus short ramus responsible for vertical
patterns.

46. RAMUS POSITION: The angle between the
Frankfort plane and the CF-XJ plane.
Frankfort plane

CLINICAL NORM: 76°
CLINICAL DEVIATION: 3°

INTERPRETATION: Class II patterns can be
due to a posterior ramus location

(small angle), Class Il l's can be caused
by a forward ramus position (large
angle). Forward position is associated
with latent Class III patterns.

48. PORION LOCATION (TMJ): The distance
between Porion and the PTV.
CLINICAL NORM:

—39mm for the average
patient at age 9. Should
be corrected for size.

Frankfort piano

Negative sign used to
indicate porion distal to
PTV.
CLINICAL DEVIATION: 2.2mm
INTERPRET.ATION: Forward or distal ramus

position can be due to forward or
distal TMJ. Forward porion location
is associated with latent excessive

Class III growth.

C.C.D.(cont'd)

50. MANDIBULAR ARC: The angle between
the corpuse and condyle axes.

CLINICAL NORM: 26°atage8y2.
Increases 0.5° per year.
CLINICAL DEVIATION; 4°

INTERPRETATION: High angles are square
mandibles — deep bites, sometimes
prognathic patterns. Low angles tend
to open bites, retrognathic.
Mandibular arc

51. CORPUS LENGTH: The distance between

XI and Pogonion.

''o

CLINICAL NORM: 65mm for patient of
average size age SVi.
Increases 1.6mm per
year, should be corrected
for size.

CLINICAL DEVIATION: 2.7mm

, •;
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INTERPRET.ATION: Evaluates prognathism
retrognathism due to length of
mandible.

FIELD I - THE DENTURE PROBLEM - FRONTAL

2&4. MOLAR RELATION: (Left & Right): The
distance between the buccal surface

of the upper and lower first molars
measured along the occlusal plane.

CLINICAL NORM: Upper molar 1.5mm
buccal to lower.

CLINICAL DEVIATION: ±1.5mm

INTERPRETATION: Values greater than

i

+3mm are buccal crossbites, negative
values indicate upper molar is lingual
to lower, i.e., lingual crossbite.

C.C.D.(cont'd)

INTERMOLAR WIDTH: The distance
between the buccal surfaces of the

lower first molars measured along
the occlusal plane.
CLINICAL NORM: Boys 55mm, girls 54 mm.
CLINICAL DEVIATION: 2mm

INTERPRETATION: An absolute measure

ment of arch width, across the molars.

INTERCANINE WIDTH: The distance

between tlie tips of the lower cuspids.

P

CLINICAL NORM: 22.7mm at age 7
(unerupted). Widen
0.8mm per year until
age 13 equals 27.5 mm.

CLINICAL DEVIATION: 3.2mm at age
seven. Decreases.2mm

per year until age 13
equals 2.0mm.

INTERPRETATION: Width of canine arch,
detects problems of abnormal
eruption early.

'

10. DENTURE MIDLINE - The horizontal

displacement between the lower and
upper incisor midlines.

■11

CLINICAL NORM: 0.0mm

CLINICAL DEVIATION: 1.5mm

INTERPRETATION: Evaluates the midline
asymmetry.

i

C.C.D.(cont'd)
FIELD II -MAXILLO-MANDIBULAR RELATION
14&16. MAXILLO-MANDIBULAR WIDTH LEFT
& RIGHT: The distance between the maxilla

(juga! process) and the frontal facial
plane.
CLINICAL NORM: 10mm for patient of
average size at age 8.5.
Should be corrected for

CLINICAL DEVIATION: 1.5mm

INTERPRETATION: Determines if the

crossbite is skeletal. Large values
indicate skeletal lingual crossbite,
small values skeletal buccal crossbite.

17. MAXILLO-MANDIBULAR MIDLINE: The

i

angle made by the plane-anterior nasal
spine - menton and a plane perpendi
cular to the zygomatic frontal sutures.
CLINICAL NORM: 0.0'

CLINICAL DEVIATION: 2.0'

I

INTERPRETATION: Is the assymetry due
to tooth size discrepancy or functional
shift?

I
19&21. MOLAR TO JAWS (Left & Right): The
distance between the buccal surface

of the lower molar and the frontal

jaw plane "J-A6".
CLINICAL NORM: 6.3mm for a child of

average size age 872.
Should be corrected for

CLINICAL DEVIATION: 1.7mm

INTERPRETATION: Large distance implies
room for buccal expansion; small
distance, no room for buccal

expansion.

C.C.D.(cont'd)

r

23. DENTURE TO JAW MIDLINES: The
distance between the midline of the

lower incisors and the jaw. midline.
CLINICAL NORM: 0.0mm

CLINICAL DEVIATION: 1.5mm

INTERPRETATION: Is the denture midline
shift correlated with a mandibular
shift?

25. OCCLUSAL PLANE TILT: The difference

m

between the height of the occlusal
plane at the left and right molars,
measured to the line at the zygomatic
frontal sutures.

CLINICAL NORM: 0.0

CLINICAL DEVIATION: 2.0

i

INTERPRETATION: Real skeletal

Assymetry, accompanied by a tilt in

occlusal plane, is usually warning of possible
TMJ problem.

FIELD V - CRANIO FACIAL RELATION

POSTURAL SYMMETRY: The difference

between the left and right angles
formed by: The zygomatic frontal
sutures, the antigonial protruberances,
and the zygomatic arches.
CLINICAL NORM: 0.0°

CLINICAL DEVIATION: 2.0°

I

INTERPRETATION; Helps explain the nature
of asymmetries. Caution: Is greatly
affected by improper positioning.

C.C.D.(cont'd)
FIELD VI - INTERNAL STRUCTURE

41. NASAL WIDTH: The widest aspect of Nasal
cavity.

CLINICAL NORM; 25nnm at age 814.
Increases 0.7mnn per
year.

CLINICAL DEVIATION: 2.0mm

INTERPRETATION: Mouth breathing can
be due to narrow airway. Narrow
nasal cavity can be indication for
palate split.

43. NASAL PROPORTION: The angle formed
by the diagonals of a box whose width

. is the nasal width and length ANS to
the Z-Z plane.

CLINICAL NORM: 103° at age 8.5 decreases
.15° per year.

ImI

CLINICAL DEVIATION: 4.5°

INTERPRETATION: Evaluate nasal width
relative to height.

45. MAXILLA PROPORTION: The angle
formed by the diagonals of a box with
width equal to the distance across the

"J" points and height the distance
from the "J" points to the "Z-Z"
plane.

CLINICAL NORM: 103° at age 814 decreases
.25° per year.

1

CLINICAL DEVIATION: 5.0°

INTERPRETATION: Indicates the relative
width of the maxilla.

C.C.D.(cont'd)

47. MANDIBLE PROPORTION: The angle

formed by the diagonals of a box with
width equal to the distance between
the "AG" points and height the
distance from the "AG" points to the
"Z-Z" plane.

I

CLINICAL NORM: 89°atage9. Decreases
0.4mm per year.
CLINICAL DEVIATION: 4°

m

INTERPRETATION: Relative width of the
mandible.

49. FACIAL PROPORTION: The angle formed
by the diagonals of the box with
width equal to zygomatic arch width
and height the distance from menton
to the "Z-Z" plane.
CLINICAL NORM: 97.5" at age 8%.
Decreases 0.2" per year.
CLINICAL DEVIATION: 3.0°
INTERPRETATION: Relative width to

height of the face.

APPENDIX B

COMPOSITE DATA OF THE FOUR GROUPS

USED IN THE STUDY

• •'

.

mm

72

CLOSE, CLOSE 12/06/74
Time

1

Factor

Mean

Std Dev

Mm

Max

1

Molar Relation

-0.28

2.03

-5.44

5.10

2

Canine Relation

1.34

3.01

-3.94

8.27

3

Incisor Overjet

5.09

3.01

-1.37

11.18

4

Incisor Overbite

3.70

2.74

-2.37

9.77

5

Lower Incisor Extrusion

2.48

1.40

0.17

5.32

131.89

14.53

111.71

159.16

6
7
8
9
LO

Interincisal Angle
Upper Incisor Vertical
Convexity
Lower Facial Height
Upper Molar Position

-1.22

2.14

-4.86

4.17

3.40

2.61

-5.16

6.76

44.48

3.67

36.71

51.49

14.88

3.90

6.83

21.67

LI. Mand Incisor Protrusion

0.40

2.51

-4.86

4.72

12

5.36

3.65

-1.10

13.07

Max Incisor Protrusion

13

Mand Incisor Inclination

20.23

6.84

3.64

32.06

L4

Max Incisor Inclination

27.88

11.35

6.81

46.33

15

Occlusal Plane-Ramus (XI)

1.26

2.08

-3.21

4.53

2.22

16.89

25.81

3.32

-6.63

6.52

L6

Occlusal PI Inclination

21.55

17
18
19
20

Lip Protrusion
Upper Lip Length
Lip Embrasure-Occ PI
Facial Depth

-0.76

21

24.29

2.34

20.76

30.59

-3.21

1.89

-7.10

-0.11

87.73

2.68

83.86

96.91

Facial Axis

90.67

4.20

84.46

106.00

22
23
24

Facial Taper
Maxillary Depth
Maxillary Height

69.39

2.87

64.42

74.28

91.41

2.76

85.75

95.73

54.24

3.49

47.62

59.79

25

Palatal Plane

-7.51

3.36

-13.65

1.61

26

Cranial Deflection

28.39

1.94

23.91

32.20

27
28

Cranial Length Anterior
Posterior Facial Height

58.48

3.64

50.52

63.77

58.72

4.68

50.54

67.54

29

Ramus Position

76.60

4.69

69.47

90.26

30

Porion Location (TMJ)

-38.73

3.07

-46.44

-33.17

31

Mandibular Arc

29.88

4.16

23.37

40.09

32
33
34

Corpus Length
D(AN, EN)
D(AN, FH)

66.24

4.39

56.92

75.20

22.08

2.14

16.26

26.93

35

Volume

36
37
38

Age (Years)
D(PN, FH)
D(AP, PTV)

39
40

B1 to NB (MM)
B1 to NB (DEC)

41

GO-GN/SN

20.57

2.85

14.00

25.33

105.81

5.22

93.54

113.70

24.79

83.00

172.00

2.29

17.33

27.00

53.42

2.97

48.67

59.00

3.63

2.39

-0.40

8.57

23.54

6.92

8.32

34.81

33.18

3.59

26.47

40.65

127.00
23.09

73

Mean

Std Dev

Min

Max

Molar Relation

0.30

1.75

-4.64

5.15

Canine Relation

1.62

3.01

-6.18

12.61

Incisor Overjet

6.25

2.95

1.87

15.29

Incisor Overbite

4.16

1.97

-0.53

7.78

Lower Incisor Extrusion

3.03

1.70

0.63

9.52

125.66

9.91

104.38

147.81

-1.13

2.39

-5.60

5.17

4.38

1.99

0.15

8.35

45.67

4.45

37.55

59.20

15.46

3.12

9.67

22.33

Mand Incisor Protrusion

1.15

2.04

-2.77

6.25

Max Incisor Protrusion

7.35

2.67

1.37

14.20

Mand Incisor Inclination

21.95

5.28

12.94

37.97

Max Incisor Inclination

32.39

7.92

15.06

51.43

Interincisal Angle
Upper Incisor Vertical
Convexity
Lower Facial Height
Upper Molar Position

Occlusal Plane-Ramus (XI)
Occlusal PI Inclination

Lip Protrusion
Upper Lip Length
Lip Embrasure-Occ PI
Facial Depth

1.44

2.36

-5.26

5.87

22.30

3.86

15.85

34.49

0.83

2.43

-6.61

6.33

25.34

2.76

20.06

34.23

-2.98

2.59

-10.14

3.93

86.66

2.34

81.86

91.73

Facial Axis

89.55

4.41

79.52

97.17

Facial Taper
Maxillary Depth
Maxillary Height

68.32

3.12

57.65

73.70

91.26

2.86

85.58

96.30

54.23

3.50

47.29

62.18

Palatal Plane

-7.44

2.88

-13.48

-1.20

Cranial Deflection

28.33

1.80

24.69

32.34

Cranial Length Anterior
Posterior Facial Height

58.97

2.77

53.65

64.42

57.87

3.74

49.50

64.46

Ramus Position

76.30

3.74

65.97

84.66

-39.30

2.71

-48.00

-34.83

Porion Location (TMJ)
Mandibular Arc

27.35

3.95

17.52

33.85

Corpus Length
D(AN, EN)
D(AN, FH)

66.22

2.98

60.18

74.05

22.37

2.10

18.60

29.75

21.13

2.51

17.00

27.33

Volume

106.11

4.11

98.45

113.08

Age (Years)
D(PN, FH)
D(AP, PTV)

134.12

35.82

80.00

288.00

23.34

1.77

19.33

27.00

53.98

2.53

48.67

59.67

4.97

1.73

2.43

9.43

B1 to NB (MM)

B1 to NB (DEG)

26.47

5.52

17.08

42.32

GO-GN/SN

34.86

5.20

25.79

52.92

1
74

Factor

Mean

Std Dev

Mm

Max

1

Molar Relation

0.17

1.85

-2.82

4.55

2

Canine Relation

1.03

2.99

-5.86

6.30
13.99

3

Incisor Overjet

6.89

2.96

2.54

4

Incisor Overbite

3.38

2.27

-2.25

8.34

5

Lower Incisor Extrusion

2.88

1.52

0.50

6.63

6

Interincisal Angle
Upper Incisor Vertical
Convexity
Lower Facial Height
Upper Molar Position

124.19

8.09

112.57

151.99

-0.50

2.25

-4.95

4.50

3.82

2.72

-3.39

8.50

46.13

4.52

39.18

55.95

15.79

2.07

9.83

23.83

0.63

2.73

-6.13

4.39

7.39

1.86

2.09

9.74
31.35

44.96

7
8
9
10

11
12

Mand Incisor Protrusion
Max Incisor Protrusion

13

Mand Incisor Inclination

22.00

5.65

9.86

14

Max Incisor Inclination

33.80

5.78

16.59

15

Occlusal Plane Ramus (XI)

16

Occlusal PI Inclination

17

20

Lip Protrusion
Upper Lip Length
Lip Eitibrasure-Occ PI
Facial Depth

21
22

1.10

2.18

-3.01

4.82

22.37

3.04

15.52

28.35

0.34

2.39

-4.38

4.30

24.88

3.11

20.08

33.84

-4.02

1.97

-8.69

-1.79

87.62

2.94

80.81

93.32

Facial Axis

90.93

4.17

79.03

96.20

68.37

3.65

61.04

75.08

91.72

3.10

86.93

98.89

24

Facial Taper
Maxillary Depth
Maxillary Height

53.04

2.92

47.27

59.54

25

Palatal Plane

-5.38

3.79

-12.08

0.22

26

Cranial Deflection

28.19

2.06

23.21

30.88

27

58.97

2.64

53.60

62.77

28

Cranial Length Anterior
Posterior Facial Height

57.89

3.15

51.66

63.88

29

Ramus Position

77.50

3.62

68.11

86.56
-35.00

18

19

23

30

Porion Location (TMJ)

31

Mandibular Arc

-38.52

1.78

-42.83

27.93

4.04

19.00

33.75

66.69

4.03

59.20

76.52

21.63

2.52

16.83

28.67

19.64

3.03

15.33

25.67

34

Corpus Length
D(AN, EN)
D(AN, FH)

35

Volume

106.37

4.29

97.87

114.24

36

Age (Years)
D(PN, FH)
D(AP, PTV)

127.32

21.84

94.00

169.00

23.64

2.10

18.00

27.67

54.43

3.01

50.17

60.33

32

33

37
38

B1 to NB (MM)
B1 to NB (DEC)

4.49

2.36

-0.47

8.35

40

25.31

6.72

10.75

36.78

41

GO-GN/SN

33.74

5.23

26.76

44.92

39

75

Factor

Mean

Std Dev

Mm

Max

1

Molar Relation

0.11

1.83

-2.30

3.31

2

Canine Relation

2.01

2.51

-2.52

5.99
13.02

3

Incisor Overjet

6.67

3.71

2.99

4

Incisor Overbite

3.73

2.60

0.06

7.49

5

Lower Incisor Extrusion

2.39

1.64

-0.37

5.13

6

Interincisal Angle
Upper Incisor Vertical
Convexity
Lower Facial Height
Upper Molar Position

130.44

12.24

118.74

160.03

-1.33

1.55

-3.37

1.49

2.73

2.77

-2.82

8.59

43.89

5.67

31.71

52.96
21.50

7
8

9
10
11

Mand Incisor Protrusion

12

Max Incisor Protrusion

13

Mand Incisor Inclination

14

Max Incisor Inclination

15

Occlusal Plane-Ramus (XI)

14.77

3.07

11.00

-0.81

2.49

-5.25

2.39

5.62

2.96

0.49

10.53

20.24

6.75

5.54

28.68

29.31

9.90

14.43

44.54

1.50

2.15

-2.28

4.84
27.29

16

Occlusal PI Inclination

21.48

3.82

13.78

17

-2.76

3.06

-10.86

0.63

23.89

3.62

19.01

31.00

-2.73

2.09

-5.96

0.71

20

Lip Protrusion
Upper Lip Length
Lip Embrasure-Occ PI
Facial Depth

87.03

3.69

81.86

93.81

21

Facial Axis

90.66

6.21

79.34

103.33

22

70.80

4.72

63.79

79.56

89.90

3.60

83.24

95.47

24

Facial Taper
Maxillary Depth
Maxillary Height

56.10

4.86

47.14

64.42

25

Palatal Plane

-8.29

2.60

-11.90

-3.45

26

Cranial Deflection

27.88

2.08

23.56

31.33

27

Cranial Length Anterior
Posterior Facial Height

59.14

3.07

54.63

63.86

61.06

6.74

53.19

71.78

29

Ramus Position

76.06

3.47

69.44

80.36

30

Porion Location (TMJ)

-38.88

2.11

-42.67

-35.33
42.12
73.44

18
19

23

28

31

Mandibular Arc

29.96

6.36

20.67

32

66.55

3.99

61.69

23.75

2.64

18.19

27.25

34

Corpus Length
D(AN, EN)
D(AN, FH)

22.91

2.47

19.33

26.50

35

Volume

107.33

7.29

96.33

119.53

36

Age (Years)
D(PN, FH)
D(AP, PTV)

168.82

126.96

84.00

540.00

24.17

2.29

21.50

28.50

52.59

3.46

48.67

60.33

33

37
38

B1 to NB (MM)
B1 to NB (DEC)

2.67

2.33

-1.39

5.27

40

22.18

7.73

10.25

32.94

41

GO-GN/SN

31.88

6.14

16.77

40.62

39
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